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'>6 < <t*.iBffisast-«c: tic i y ivi^viHi^^^ 
WEivyvisiia8[*«#a36'6aj***i«i>y>iHi 

8«o 

>9>wim^^mic t*#«tt-«Bi«ja i ek 

[Hd»9l4] ilE»^£M:». mitQSMSJglE 
mLfc;AfB?-f*E«Lfc»)gE«#S«$*. K 

ajg^-fsBt^mrcticAo TitESMsisaB*«s 

[MsRas] MEivyvEHiiRft^lcB^X^TtM 

lEis liTttESfgEit^sft^swiBiSfe?— sms^ai 

ft«ic*fjSL/c»5i»*Jt-3iiai/-:/«-§fec: 

[0001] 

[0002] 

PCM (/•fji/;^??^^iii) ftLftmsE&as'jigLiSJKx 
— ?sE1*L.^c^s8Bp<tlJSffll,^^cy. ^m3m (f 

[0003] 



[^B^)!)<«-3iL<i:5<!:-r«SlB] Lib-L^jSe, CtD* 
aivy>SfS^W-&)SSST-(i- /'■?-lr;l''7— J^S 

&^l^^5L^r, t ^,^ ^ P=5H,#,tf S oft. 

[0 0 0 4] ^-c-p, *«fla(4y-5'-feync*if*M'¥'i>' 

[0005] 

[ms5-Ka-r^fti6©#&] ttiBim«-iifiK-r§ft» 

{^icsaiELftxvyvai^im^sai^^^ffl^iis^ 

< ttaEsasT^c t Ki. u x>y>iHi6 
a^^^^iST^ivyvBi^Sfa^st, M!bi> 
y>iHiiassB£#SA^6 ai^i#ti.5x>y>iEiiasm^ 

«4#Si:s »j![«*->5aU-hr«'>&<i:tiiaE 
;l'-7'*«t-«SfS«lHl»*ffiAs iJEBS^tifcSfS 

[0 0 0 6] *ft. Mie*«W«x>y-y#«g®^fig 

»ffa^tti5uftx>y>ajAis-t(Ea)a-3-5?NSifgi|f 
vyvaeasfie^stt, MiBivy>ai;^)fs^«7-f 

30 l\,9Wmt^-Ct\,ni^i). Bul3x>y>Is]$HS!ft^*f# 

%<t^icLftt«r'£>A MiB-SffJfis^sii, m:^® 

)*^»li:>i!tJS Uft-KflJ?— > ^ IBIf Lft-S»IB1i¥m 

S#a»*6tEfllA. KtllCflfS^lcJSUrlttEiKiBIBS 
¥«*^6i4E«»?-«'«0s»ajt-<t5 (c LTtJ; <, 
Sfe. WE»«SlHlBtt. ->5:iU-f-r«Sf«S»K 
«JiSL.fdlSEM*»^5HiE;U-:/««C<fcai= Lfctffl 

[0007] 

[ffffl] *aW(E<tWf, 7''?-tr;l/»ff?®SffMli:i5 

», xvyywsfS^as+^Kv-SiU-ht-^ct 
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[0008] 

)vmm:Lyi?y^m.'m ccpm) KB•SL^■^■x 

[0 0 0 9] M«MJ*fi5¥S1 2<CWffl&fl!fi£ 

«i2i2(csr, c<^)0K^5l,^T, 2 itt?i7-tj;ni?siE 
H:tt»aa©a^»ia»2 2 - 1 ~2 2 -4«ib«l,iv 

^i-, 2 4(i7<il/-?-2 3*>6iii:*]*tifc*«5ji«m 
*«tBi«©****$Mf 5JRJIH^ 2 5«7^-/l/-S>- 

2 3 fflipifisisst- siras^a, 2 6 (isss 24® 

»iap»*Hl»f 5M8¥S, 4 0 (ii V5?V©lHHgafl! 
«B (cpm) Si'T.xi^i'Dyi'StEjmrrscitcJ: 

y, f*ffi'if$fi**fi£^5mafli«4^#a cp. g) 
S'j, MS4 1 1 1 i'7.^h<7a'v<^ms.rvm&^ 

[0 0 10] c:©<fc5SC«fi?*tl/cSf«»fBtfi?¥ai 

CW#i!iBB»tt*#gBBl2l»2 1 !ti«S«L.Te 

^tLTU^«7=-:?';^t^«•3L^T^■®y•^'•feJHMg«(c« 

t5-r5i>y>aiWf^*?l4L, »SiS9BB31i¥S2 
2l=EP!)P*+iTi>yViiJ^)e^lc5iiLfcSf»ifi«)!?3! 
S?3-*l§o S/c> lll»¥S2 5^ft-LT7-fil'-S'-2 3 

SiJtlE, lli»#S2 6&^>LT«»S2 4li:mP*^l 

/'■^•b/HINS*^ roj T-S^Tti>y>tt7''rKjl/« 

®T% CtlS5' = iU-f--r«ft»K#JSKl5l»2 1 



[00 11] sft, ?-fy^!ii/^#i:*nftiHiiaS'iiNg 

(cpm) ttffitatf^S£fi£¥S4 0^Sfi2T^l)PStl4 

1 KA^i^ti, tn»S4 1 ^^fe-L^Ti■s#m4 Kna-h 
tiip»#ii4„ tn»*^fc^g^^±3la¥®4 2^!:^3L^T 

1,^1 i'X5^JA-5'D-yi'afMaE*tlTJ)P»S4 1 leg* 

UfciSs^Tv ii'Xxi.<'P'yi'S(cl£l$a»'»« 
«<SS?*iTiBaE#S4 2 frSm^lJti* J: 9 KS«o 

co5*i$. ins«4 1 ttHBtifcame-y mti^tix 

f*fc». J|{»ffl«s*-/t7P-T«fcMSB«s roj 

10 SS«(I)*-/?7P-(iA*Hg^®***lcJS 

[0 0 12] ^-CT-, ll®ffitai«6SB£#S4 0<t>J[ti 

M¥a2 2iE%j!., st«»)KiB«#®2 2ii-(immm 

ja«St±cpmlcjEL;fcS*Jilffl*fl-r5J:5l=&5. <t 
C?.T\ WIBLft=t5lcSfS[;a)glB«¥«2 2KaiJlPJ 

Jgfll*2 2 - 1 ~2 2 -4(05«ffl«jaffl#ft5S«*i<a 
«?*iW«CiKJ:y. xvi?v»SiS»*<ty<!:< 
5'5:iU-hf*«J:5K&*. HK. lV-y>HJSfi 
*05***(!:jiSCT7-(-;l/«'-2 3©«aS«f»**l« 

«fe*m-r«J:5M«P#n4i:*ttc, jfl»»2 4(!:J: 

30 [0 0 13] tihtiliU, -H*ISfflI>v>>SWg-a 

;^)*n'5<t5li:6'5. St«»E1»?IS2 2(clB 
1t#^«St«»»2 2 - 1 ~2 2 -4(i/•f;^X«S«L^ 

>i/'S'-2 3arf^»s2 4lc^3L^^, ^N»iH]i»2 i 
S®ffi*(£il«-«iBS*¥«lc<fc y Wffi-C* « J; 5 (CM 

[0 014] »j([«*->5:i hf •5»««lHl 
a2(^:■^L^TB^Ra•r«)!)«, »»«5 0t4-lK(EH3®36 

40 SST-5^^<t a ^i:!!ffll-^t 5 1 tci^^,^l 5 2 A^iK^^l, 5 
li:lm-^B5 3fissSg#tiftMigi*+iTi,^«o *f=, « 

iieT-s5-r*i-^t5 4&u^Lifti-^S5 7^, jsiciaipfflf 

iW-rSJc^lcLTtSuv C©<fc56Sf«'g5 0Si' = 
hf SSfftWaiS 2 4 l^ La 6 ^ffl^,^TB^ 
^■rs, St»tl5llSS2©-««04lES^ff, i/SnU 

-h-rsiRicstft'gs o®«;-^15 1 rossKii, i>y 
□sstu sfe, ill^L^f 5 3s^l,^^illal,^B5 7®eMj 

so [0 0 15] ia4KfcL^T, fflSSe 1 (4EWMM3 
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mm^mo b i j;y wsl^;ft^s^t^^pSLTl,^«. * 

fc- ilS#SDa 1~Da n, Db1~Dbntt^ftE 
3 §1 5 1 ~ 5 7 •SWKS^S 

g > J 1 ~ J n - 1 t*tttt®«SS5KeiJ-«$te 

*]a(D«a«->5ii^-f-L,Tfcy. fl«B[jiiini6 2tt 

anroai^ili: r-ij ®«a*«eL.TiHiE#«D b n 

[0 016] C©J:5lEi'SiL/-l-*tifeStftg|Hl» 
2 ^ctel,^T^ m 3 li:g=>^SIIi<ti^SfflSfSt 5 0 

mmmt'J'?>■t'i/3>Ni(DDa^■^Da3. Dbl 

~D b srosid. &tf)mm i i:«s»ti6 2 tr- 

»S6 3, 6 4, 6 5Sr«MW»S6 6-fMs£*hT 

S'Jk inllBe 3t4affi#SDa 1 itffijMi 

^*^6^ ilSt¥aDb2J:y®» Cn-1) fiWjfiffi^ 
»K Ltcm K n «iDj|« 6 3 <»99K!im U Haim 

6 4 am 1 mmimtmS(m*B6 e (ositit^iia* 

LT«2affaflH»*^sKU l)D»S6 5(i» (n- 

1) mis.is^tmmm^6 6<D^tit^mmLzn 

nS»^iS^^S^^*4fl^LTl,•'•5o fteOT5>>V'>->a>J 2 
~J n-1*,l^l«®fl!BSl=J:yfl!fi8*^Tl>.5, 
[0 0 17] c:tDSfSllH]iS2«l!if^m^^5i, )]P 
*H6 1 lcSf«!S»Ss8¥a:1 jb^6Sf«-a«fS^*^A^l 
Jti^t, mm^SiD b 1 6^6aE?^afc^nSS^;M 
^ffJPW^tiS d 1 1= J: 'J , S 1 »ff !*fS^*^4fi?*ti 
TaSI^SD a 1 lc<S*g*^a«o CWiiE^SSD a 1 1= 
.fcUmi iiffl^,^«5 1 WSSgfrSfeiSltfe 

1 tiues 2 t®iSfeg5(i:»t««i9,*i'5i 

^-l-tLTL^«-:?+>^'i'a>J i (E«8e**i«„ 

[0 018] 5^+><'->3>J IrtKfeUT. miitff 

aMg^(il)D»SI6 3SmD»S6 4li:«iJg*tiS„ ^-L 
SP»tl6 3^c^3l^TS Cn-1) Si*iSe#««iBW 

JlP»S6 5lEtt*gLTl,^.5„ imm 4liS1 a}f;S« 
^i;«iS!S»Sff6 6*>6ffi<i^t§JP»LT, *l^^5 
2 = i I/- h LTl->«iiS¥aD a 2 lcS2affa 

Db2fi>6®S (n-1) Si*»m^i:IHR^S6 6 

es 1 «->5a U- 1- LrL^SiillSt^D b 1 1tfttgLT 



(.■'■So 

[0 0 19] ±IBi!lfFttii5£#SD a 1 , iiiffi#SD b 

iliSg5Da2~Dan, »ii£#gD b 2~D b nSrjy 
+ >-?>'a>J 2~J n-1 Icfe-L^Ttlfia&BifFA-ff 
t>tl«. ^LT< »S'B5 0®«l*«7-S«aaE?SD 
a ntt»Stt5 0KJ;USfiKJtl/c»fe«S^*>|.S5K 
aj*f«tftK. •9«JKW»6 2(!:tt»ef«„ <ffiRIIIS 
B6 2^*■^•^Dflr^»K r-u «J|il(UTJB1SW«flt* 
10 5*HgL, ag^SD b n ic^mt^. jlE^ao b n 

[0 0 2 0] »:l=i^-\'V'5'-V3>WflS©M«0 5«#m 

L6*>5BtBM«o 0 5 (a) li:iS-ri>>><>->a>® 

7 1 &xmmmnm7 2 icftses^T.. ««»S7 1 n 

UlitffMS^lcffa (1+K) ^S»U ftSSSKS 

20 m 2 )g«a<i^ii«a*sii ? 3 stms!«»si 7 4 ie 

«»e**U flWJRJHI7 3«:«2g««flH»(!:«» CI 
-K) *IRgU •fl««e»7 4«:fl« C-K) ism 
fSo •tLT. 1P»»7 5(*«fiBtJfi»«7 1 *>6®fl* 
t«Ml!lia»7 2fr6®flH»*lnl|-r«Ci:(!:J:y, « 

2ii??«m^«4iaLTfe±iiijfr5th*-rs. ip 
»S7 6(4«»«»S7 it-'ODi^^mm.mMmy 3 

30 [002 1] *6ti:<l!!©y+>^'->3>WffiJ$a5 

(b) icg^^fo C®i>>V<?->3VlcfoVT«> £±ffly 
frSS 1 5tSMl^)!j5«a«gSS 8 1 &tfJ)P»S8 2 IE 

*»t-4o €TffliJfr6«*S**l«S2SI*S!<M 

t*«*»gi8 3Rtf)]n»8i8 4ic«s&*+i, 

»8 3ttJ!2S«»ffl«K«R»/3«iliIir«o tLT. 

SttlMSJMSS 1 iEl>6®4S#^IM3EK»S8 
3*>6©ffi**llP»LT. JP»lH?:*lnll»8 2, 8 4 
(Eftlligt-^. A]»«8 2»lpmS8 smMtmi'BW 

40 ijif?ae^*a»-r«ctiEj;'j. misifsftf^* 

4sELT£T«A^6aj^-r«= !lP»S8 4ttJ)D» 

S8 5wai^)«^s^6m2sw-»f#^iffi»-r§ct(E 

K-&t>-a-T;*^*+i^. ttiB05 (a) 

(b) ^^,T^■r-»v•5'-V3>£^)«=^3l^rt,^ wib04 
gi!iEfes*a^«i^]»®»a«->5 :i I/- ursc tfit 

so [ 0 0 2 2 ] atlE, »ftiSaBSfiE#S 1 ®«®ffl«0 6 
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(cpm) SSSctaicLfcfeiCT'S'J, UlSffll 

i>-a'r7.?-r-y^'-¥'xvy>aj^)^/\--6£;ffl7' 

•5'-l:/l'»<'F?3 ©aam»ffMJb\ ^/TvL&L^A - 

#i(gfB@l^^2 1l!:«!le*^^TL^^. 

[0 0 2 3] COTJNlti«lHl«S2 1 Icfe-L^TMELftJ;^ 

(=> 7■^'■t^JH#^^?3ffl«^■^»lt«•i(^,^TI>y>^l^^l 
TI>yvlH»^»*l52¥S3 0lc«^s;^tlTL^^o -ue 

i;>l2HBB!Ss8#«3 0■^'Sy^ mSi 1 s iBSE¥« 
3 2. ffS[JIWH3 3. fl]S«3 4lcJ:>J«fiK»4lT£ 

y, ivi>>i§naii4fiE#S3 0(*D-/<x7-fji'*- 

[0 0 2 4] C©i]P»S3 1 Icfc-L^T. ivyVfcB^l^S 
!lPS*tlT)Iffi#a3 2lrfttg?n3„ ig}I¥S3 2tt 

(iflSii!R5-i>y>@|gSfS^ (cpm) lc»»LT> 

i^>aiSfs^^f*4L. )iD»s3 4(ci>y>i=ieam 

^ (cpm) ^a'>*--a-.5ilCT<S#tLT%ji.6tlTl,> 

T)ilP»«3 1 (c7-f- K/?'y ^'#nTi-^«« 
[0 0 2 5] Lk1i-=Z. IV-^VlHUaKIS^frSXV 

m^=f3^mvftit. mm^mLti»e>. mtx 

i>y>ro^i!)ic-S[-r«ct:5ic&«o ^-lt, x>y 
>@«S£fi8¥S3 o<i:y aj^)*n.5xvyyi=ifiaft 

^ (cpm) (i, e*HtSSfiE#a4 0lE«$g*^lTtt 

ELft<fc5K»ft-»»E«#S2 2 j:>j. m«.mi^m 

2(t,Tt^Sffi»)KSfi£¥Si:l^«®»ft<«ft>*u 
[0 0 2 6] I>S»aj^HI#l!:»Ll>yvisl 



8 

mtis^- (cpm) tt> a^^NSgf^^1tttt*^lTL^5® 

Z\ il*l«>'5aU-hf^f;:»l217li:,x>f J;51E> x 
>i>'>lHie!K4E?#m3 0^^feL^Ti■S#m3 21E^2 
mj^m 3 5 *i(ffiiggffii»g L- C roS 2 J^SKIllK 3 5 
j!)'6i>i>>|H||SS[«# (cpm) S-aj;*]f «J:7lcL 
Tt.Su\ c:©m2*S8JBlHllS3 5*iaW«i, J:'J- 

10 [0 0 2 7] iu.±<ommi^iii^-at. T'7-^)\/Wlf^ i 
-fy^!ju->^";»-ji/7'p-t'y-y- (DSP) \z^^m&tv. 

[0 0 2 8] ;r 6 (c. ms.m!R'AmSL2 2<TimmL 
)K- 7-fjt/^i-2 3®7-f;l'4J-1ftt, S^«tlHl»2® 

x>-»0ias3Efa?s3 o©ifttfe£tt, v-LjiE 

ffi. i-vv;?.5>yi'3>roR;S«3i. Xr7"J>'5^ro« 

S8, fcilf- ■?^'y?-¥'7'U-+«tsfF&fro'[tlS^, 

*«l-^^iis^H&^'^css*#■l^••sJ:9^E■rt^^^. ctuas 

77.< f->5iU-«(&£li:fil*««ff«Mx>i>->® 
5'5al/-i'a>-ettmff«!i8. ja»K!igK(5t:-Ci> 

[0 0 2 9] fetcSfc. M«l°l»2®3K£aM:. x 

icLT%si,\ cwaigsft«x>y>i=i$iS!-¥.iaKB 

(SWgl #iS©^'(b^%SLT->5:i 
/ -< XSaSSRl^T. T'-J'-feil/ro^ffM-^x Vi>->|=1 
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[00 3 1] 
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[01] *Sffl<Z)x>y-^^Soo^«8«(0«lft|)| 

«„ 

[H3] S>»»^5=;KBj»S*S^f0T'S«. 

10 [04] #a«iEiia<c«fiE©-e!i?s^rs-p£^„ 
[0 5] mnmmmatsi/t^-J^' -> a vrowm® 

[06] ste»i)a¥K©SfiSfflflfi<c««/T5^-0T- 

[0 7 ] jiyi>ymmk^^»<m<Dmmii:^^t 

1 m^^m±m^m. : 
2 1 nmi^m 

20 2 3 2 3 0 JL>'J>Wmtk 
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(54) ENGINE EXHAUST SOUND-SYNTHESIZING DEVICE 




(57)Abstract: 

PURPOSE: To provide an engine exhaust sound-synthesizing device enhancing 
presence according to the operational amount f an accelerator and the number of 

revolution of an engine. 

CONSTITUTION: The operational amount of an accelerator operation pedal is 
converted Into an engine output signal based on the table of a nonlinear circuit 



21 to be supplied to an engine number-of-revolutlon generation means 30 and an 
exhaust waveform storage means 22. Ttie engine number-of-revolutlon 
generation means 30 delays an engine output signal, and generates an engine 
number- of-revolutlon signal to supply It to the exhaust waveform storage means 
22. An exhaust waveform signal read out from the exhaust waveform storage 
means 22 by a phase information generation means 40 at a period 
corresponding to the engine number of revolution signal Is supplied to an exhaust 
pipe circuit simulating an exhaust pipe, and the engine exhaust sound is 
synthesized. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A signal generation means to have the property of simulating engine 
power and to output the engine output signal corresponding to the control input of 
an accelerator handler, An engine-speed generation means to generate an 
engine speed signal by canying out delay processing of said engine output signal 
outputted from this signal generation means at least. With the period 
corresponding to the engine speed signal outputted from said engine-speed 
generation means It has a wave generating means to generate a predetermined 
exhaust air wave signal, and the exhaust pipe circuit which simulates an exhaust 
pipe and which has a delay loop fomnation at least. The synthesizer unit of the 
engine exhaust sound characterized by supplying said reproduced exhaust air 
wave signal to said exhaust pipe circuit, and outputting engine exhaust sound 
from said exhaust pipe circuit. 

[Claim 2] Said signal generation means Is the synthesizer unit of an engine 
exhaust sound according to claim 1 characterized by including a conversion 
means with the nonlinear characteristic which changes the control input of said 
accelerator handler into the corresponding engine output signal. 
[Claim 3] Said engine-speed generation means is the synthesizer unit of an 
engine exhaust sound according to claim 1 characterized by acquiring said 
engine speed signal by carrying out filtering of said engine output signal. 
[Claim 4] Said wave generating means is the synthesizer unit of an engine 



exhaust sound according to claim 1 characterized by generating said exhaust air 
wave by reading this data point including a wave storage means by which the 
data point corresponding to a predetermined exhaust airwave was memorized. 
[Claim 5] The synthesizer unit of an engine exhaust sound according to claim 4 
characterized by having Hirther a phase generating means to generate a phasing 
signal based on said engine speed signal, and reading said data point from said 
wave storage means according to this phasing signal. 

[Claim 6] Said exhaust pipe circuit is the synthesizer unit of an engine exhaust 
sound according to claim 1 characterized by Including a delay loop formation with 
the amount of delay corresponding to the exhaust pipe length which simulates. 

[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This Invention relates to the synthesizer unit of engine 
exhaust sound, such as a reclpro engine used In a drive simulator, a flight 
simulator, a racing game, the Ayr battle game, or vehicle Indoor environment 

control. 



[0002] 

[Description of the Prior Art] Tlie wave memory whiicli memorized thie simple 
repeat data point wliicli turned PCM (pulse code modulation) was used for the 
synthesizer unit of this kind of engine exhaust sound, and it was compounding 
the sound which simulates engine exhaust sound using the simple musical- 
sound synthesizer unit by frequency modulation (FIM) etc. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in the synthesizer unit of 
such an engine exhaust sound, according to an accelerator work piece, the rate 
of a car, etc., it is difficult to change the wave of engine exhaust sound etc., and 
there was a trouble that presence was low, in a drive simulator, a game, etc. 
[0004] Then, It alms at offering the synthesizer unit of the engine exhaust sound 
which this Invention can simulate the engine exhaust sound according to the 
control input and engine speed of an accelerator, and can simulate the engine 
exhaust sound to which presence was raised. 
[0005] 

[Means for Solving the Problem] In order to attain said purpose, the synthesizer 
unit of the engine exhaust sound of this invention A signal generation means to 
have the property of simulating engine power and to output the engine output 
signal corresponding to the control input of an accelerator handler, An engine- 
speed generation means to generate an engine speed signal by carrying out 
delay processing of said engine output signal outputted from this signal 
generation means at least. With the period corresponding to the engine speed 
signal outputted from said engine-speed generation means It has a wave 
generating means to generate a predetermined exhaust air wave signal, and the 
exhaust pipe circuit which simulates an exhaust pipe and which has a delay loop 
formation at least, said reproduced exhaust air wave signal is supplied to said 
exhaust pipe circuit, and it is made to output engine exhaust sound from said 
exhaust pipe circuit. 

[0006] In the synthesizer unit of the engine exhaust sound of said this Invention 



moreover, said signal generation means It is made to include a conversion 
means with the nonlinear characteristic which changes the control input of an 
accelerator handler into the corresponding engine output signal. Said engine- 
speed generation means Said engine speed signal is acquired by carrying out 
filtering of said engine output signal. Said wave generating means It is made to 
generate said exhaust air wave by reading this data point including a wave 
storage means by which the data point corresponding to a predetermined 
exhaust air wave was memorized. Furthermore, it has further a phase generating 
means to generate a phasing signal based on said engine speed signal, and you 
may make it read said data point from said wave storage means according to this 
phasing signal, and it is made for said exhaust pipe circuit to include a delay loop 
fomiation with the amount of delay corresponding to the exhaust pipe length 
which simulates. 
[0007] 

[Function] Since according to this invention the exhaust air wave signal 
corresponding to the engine output signal generated according to the control 
input of an accelerator handler is generated with the period according to engine- 
speed information, it is inputted into the exhaust pipe circuit where this exhaust 
airwave signal simulated the exhaust pipe (muffler) and an exhaust-sound signal 
is generated, engine exhaust air behavior can fully be simulated and the engine 
exhaust sound to which presence was raised can be compounded. Furthermore, 
in the condition near the exhaust air behavior of an actual engine, since the 
period of an exhaust-sound signal and a wave can be changed, the engine 
exhaust sound to which presence was raised further is compoundable with 
actuation of an accelerator handler. 
[0008] 

[Example] The blocl< diagram of the outline of the synthesizer unit of the engine 
exhaust sound of this invention is shown in drawing 1 . In this drawing, it is the 
exhaust pipe circuit which 1 simulates an engine model based on accelerator 
information and engine-speed information (cpm), and an exhaust air wave 



generation means to generate an exhaust air wave signal, and 2 simulate a 
muffler, i.e., an exhaust pipe model, and generates an exhaust-sound signal. And 
if accelerator information and the rotational frequency information on engine are 
inputted into the exhaust air wave generation means 1 , the exhaust air wave 
generation means 1 will generate the exhaust air wave signal corresponding to 
the Inputted accelerator information and rotationai frequency information. This 
exhaust air wave signal is inputted into the exhaust pipe circuit 2, and is 
processed and outputted to the exhaust-sound signal which simulates engine 
exhaust sound by the exhaust pipe circuit 2 which simulated the exhaust pipe. 
[0009] Next, the detailed configuration of the exhaust air wave generation means 
1 2 is shown in drawing 2 . The nonlinear circuit where 21 generates an engine 
output signal in this drawing based on accelerator information, An exhaust air 
wave storage means by which 22 memorizes two or more idnds of exhaust air 
wave 22-1-22-4, and the exhaust airwave according to an engine output signal is 
chosen and outputted, A filter for 23 to process the tone of the exhaust air wave 
signal read from the exhaust air wave storage means 22, The multiplier which 
controls the magnitude of the amplitude of the exhaust air wave signal with which 
24 was outputted from the filter 23, The adjustment device with which 25 adjusts 
the amount of processings of a filter 23, the adjustment device with which 26 
adjusts the controlled variable of a multiplier 24, and 40 by accumulating the 
rotational frequency information (cpm) on engine for every system clocl( It is a 
topology generation means (P. G) to generate topology, and consists of an adder 
41 and a delay means 42 by which one system dock is delayed. 
[001 0] Thus, If actuation of the constituted exhaust air wave generation means 1 
is explained, the property of an engine output signal over the digital accelerator 
Information outputted from a foot pedal etc. does not turn into a linear property, 
but, generally let it be a nonlinear characteristic. If the nonlinear circuit 21 has 
realized this nonlinear characteristic and accelerator information is Inputted, the 
exhaust air wave which the nonlinear circuit 21 generated the engine output 
signal con^sponding to that accelerator amount of information i3ased on the 



memorized table, was impressed to the exhaust air wave storage means 22, and 
was suitable for the engine output signal will be chosen. Moreover, while the tone 
which was impressed to the filter 23 through the adjustment device 25, and was 
suitable for the engine output signal is chosen, the amplitude which was 
impressed to the multiplier 24 through the adjustment device 26, and was 
suitable for the engine output signal Is chosen. In addition, since It Is rotating an 
engine being used as an Idle state and exhaust sound Is outputted a little even if 
accelerator information Is "0", in order to simulate this, the nonlinear circuit 21 Is 
made into the property that the engine output signal of an idle state Is outputted 
even when there Is no accelerator Information. 

[001 1] Moreover, the rotational frequency information (cpm) made into the digital 
signal is inputted into the adder 41 which constitutes the topology generation 
means 40, and is added with the output of the delay means 42 In an adder 41 . 
The added signal is set for the delay means 42, and 1 system-clock time delay is 
carried out, and it is returned to an adder 41 . Therefore, rotational frequency 
information accumulates for every system clock, and it comes to be outputted 
from the delay means 42. In this case, since the adder 41 is made Into the limited 
operation number of bits, MSB will be set to "0" if a accumulation value overflows. 
Since overflow of a accumulation value is produced for every period according to 
the magnitude of an input signal, from the topology generation means 40, the 
topology signal according to the magnitude of cpm which has a period repeatedly 
will be outputted. 

[0012] Then, when the topology signal outputted from this topology generation 
means 40 Is given to the exhaust air wave storage means 22 as the read-out 
address and an exhaust air wave is read from the exhaust air wave storage 
means 22, the period of the read exhaust air wave signal comes to have a 
primitive period according to cpm. By the way, according to the magnitude of the 
engine output signal impressed to the exhaust air wave storage means 22 as 
described above, an engine exhaust air wave can be better simulated now by 
choosing the optimal exhaust air wave of two or more exhaust air wave signals 



22-1 to 22-4. Furthermore, while being controlled so that the tone of an exhaust 
airwave signal changes according to an engine output signal by controlling the 
multiplier of a filter 23 according to the magnitude of an engine output signal, the 
amplitude of an exhaust air wave signal is controlled by the multiplier 24, and an 
engine exhaust air wave comes to be controlled to become the magnitude 
according to accelerator Information. 

[0013] The exhaust airwave signal approximated to the thereby much more 
actual engine exhaust-sound wave comes to be outputted from the exhaust air 
wave generation means 1 . In addition, It is suitable for exhaust air wave 22-1 -22- 
4 memorized by the exhaust air wave storage means 22 to consider as the wave 
of the shape of the shape of a pulse and a noise. Furthermore, in the filter 23 and 
the multiplier 24, the adjustment device 25 and the adjustment device 26 are 
formed so that hand control can adjust the sensibility to the signal from a 
nonlinear circuit 21. 

[0014] Next, although the exhaust pipe circuit 2 which simulates an exhaust pipe 
is explained, the exhaust pipe 50 is made into the structure where the thick 
tubing 52 was connected to the thin tubing 51 as the continuous line of drawing 3 
generally showed, and the still thinner tubing 53 was connected. Moreover, it 
may be made to carry out cascade connection of the thick tubing 54 thru/or the 
thin tubing 57 shown with a broken line further. The exhaust pipe circuit 2 which 
simulates such an exhaust pipe 50 is explained using drawing 4 thru/or drawing 
6 . Although an example of the exhaust pipe circuit 2 Is shown In drawing 4 , the 
left end of the thin tubing 51 of an exhaust pipe 50 is the connection section with 
an engine, In case It simulates, It uses It as an embarrassment edge, assuming 
the cross section to be a small thing, and since the right end of the thin tubing 53 
or the thin tubing 57 is emitting exhaust air to the open air, it is used as the 
opening edge. 

[0015] In drawing 4 , an adder 61 is for simulating the phenomenon in which a 
reflected wave advances by being again reflected at the left end of the exhaust 
pipe 50 shown in drawing 3 , and is adding the exhaust air wave signal and the 



reflected wave signal from the delay means Db1. Moreover, the delay means 
Da1-Dan, and Db1-Dbn are simulating the time amount taken to pass each 
tubing 51-57 which an air pressure wave shows to drawing 3 , and the time 
amount supports the die length D1-Dn of tubing shown in drawing 3 . 
Furthermore, junction J1-Jn-1 is simulating dispersion of the air pressure wave in 
the connection section of tubing and tubing, and In the last opening edge of an 
exhaust pipe 50, the progressive wave is simulating the phenomenon which 
carries out phase inversion and serves as a reflected wave, carries out the 
multiplication of the multiplier of "-1" to the output of the delay means Dan, and 
supplies the multiplier multiplier 62 to the delay means Dbn. 
[001 6] Thus, in the simulated exhaust pipe circuit 2, if the model of the exhaust 
pipe 50 of the structure of the continuous line shown in drawing 3 is carried out, a 
junction can constitute two, J1 and J2, and a delay means from 3 sets, Da1-Da3 
between both ends and a junction, and Db1-Db3, and an adder 61 and the 
multiplier multiplier 62. Moreover, the junction J1 consists of adders 63, 64, and 
65 and a multiplier multiplier 66. An adder 63 subtracts the ** (n-1) reflected 
wave signal from the delay means Db2 from the 1st progressive wave signal 
from the delay means Dal . The multiplier multiplier 66 carries out the 
multiplication of the multiplier Kn corresponding to the dispersion property in the 
connection section to the signal of an adder 63. An adder 64 adds the 1st 
progressive wave signal and the output of the multiplier multiplier 66, and 
generates the 2nd progressive wave signal, and an adder 65 adds a ** (n-1) 
reflected wave signal and the output of the multiplier multiplier 66, and is 
generating the n-th reflected wave signal. Other junction J2-Jn-1 is constituted by 
the same configuration. 

[001 7] If actuation of this exhaust pipe circuit 2 is explained and an exhaust air 
wave signal will be Inputted Into an adder 61 from the exhaust airwave 
generation means 1 , by adding the n-th reflected wave signal delayed for the 
delay means Dbl , the 1st progressive wave signal will be generated and the 
delay means Da1 will be supplied. Only the time amount equivalent to the time 



lag spread by the 1st progressive wave signal at a right end from the left end of 
the thin tubing 51 with this delay means Da1 Is delayed, and the junction J1 
which is considering dispersion in the connection section of the thin tubing 51 
and the thick tubing 52 as the simulation is supplied. 

[0018] The 1st progressive wave signal Is supplied In a junction J1 at an adder 
63 and an adder 64. And In an adder 63, a ** (n-1) reflected wave signal Is 
subtracted, and the multiplier multiplier 66 Is supplied. The multiplier multiplier 66 
carries out the multiplication of the multiplier K1 to this signal, and supplies it to 
the adder 64 and the adder 65. An adder 64 adds the 1st progressive wave 
signal and the signal from the multiplier multiplier 66, and supplies them to a 
delay means Da2 by which the thick tubing 52 Is simulated, as the 2nd 
progressive wave signal. l\1oreover, an adder 65 adds the ** (n-1) reflected wave 
signal from the delay means Db2, and the signal from the multiplier multiplier 66, 
generates the n-th reflected wave signal, and supplies it to the delay section Db1 
which Is simulating the thin tubing 51. 

[0019] Same actuation Is performed [ In / In the above-mentioned actuation / the 
delay means Dal , the delay means Dbl , and a junction J1 ] also In other delay 
sections Da2-Dan, the delay means Db2-Dbn, and junction J2-Jn-1 . And the 
delay means Dan which is the last edge of an exhaust pipe 50 is supplied to the 
multiplier multiplier 62 while it outputs outside the exhaust-sound signal 
generated by the exhaust pipe 50. The multiplier multiplier 62 carries out the 
multiplication of '-1" to the signal, generates the 1st reflected wave signal, and 
supplies it to the delay means Dbn. After the delay means Dbn delays this signal, 
It Is supplied to junction Jn-1 . And this reflected wave signal Is spread on left- 
hand side one by one, and Is fed back to the adder 61 . 

[0020] Next, other examples of a junction are explained, referring to drawing 5 . 
In the example of the junction shown in drawing 5 (a), the 1st progressive wave 
signal Is supplied to the multiplier multiplier 71 and the multiplier muitiplier 72 
from an upper left side, the multiplier multiplier 71 carries out the multiplication of 
the multiplier (1+K) to the 1st progressive wave signal, and the multiplier 



multiplier 72 carries out the multiplication of the multiplier K. On the other hand, 
the 2nd reflected wave signal supplied from a lower right side is supplied to the 
multiplier multiplier 73 and the multiplier multiplier 74, the multiplier multiplier 73 
carries out the multiplication of the multiplier (1-K) to the 2nd reflected wave 
signal, and the multiplier multiplier 74 carries out the multiplication of the 
multiplier (-K). And by adding the signal from the multiplier multiplier 71, and the 
signal from the multiplier multiplier 72, an adder 75 generates the 2nd 
progressive wave signal, and outputs it from an upper right side. On the other 
hand, by adding the signal from the multiplier multiplier 72, and the signal from 
the multiplier multiplier 73, an adder 76 generates the 1st reflected wave signal, 
and outputs it from a lower left side. The value of this multiplier K is determined 
according to the dispersion property in the connection section. 
[0021] The example of the junction of further others is shown in drawing 5 (b). In 
this junction, the 1st progressive wave signal is supplied to the multiplier 
multiplier 81 and an adder 82 from an upper left side, and the multiplier multiplier 
81 carries out the multiplication of the multiplier alpha to the 1st progressive 
wave signal. On the other hand, the 2nd reflected wave signal supplied from a 
lower right side is supplied to the multiplier multiplier 83 and an adder 84, and the 
multiplier multiplier 83 carries out the multiplication of the multiplier beta to the 
2nd reflected wave signal. And an adder 85 adds the signal from the multiplier 
multiplier 81 , and the signal from the multiplier multiplier 83, and supplies an 
addition output to adders 82 and 84. By subtracting the 1st progressive wave 
signal from the output signal of an adder 85, an adder 82 generates the 1st 
reflected wave signal, and outputs It from a lower left side. On the other hand, by 
subtracting the 2nd reflected wave signal from the output signal of an adder 85, 
an adder 84 generates the 2nd progressive wave signal, and outputs it from an 
upper right side. In addition, the value of a multiplier alpha and a multiplier beta is 
determined according to the dispersion property in the connection section. Thus, 
also in the example of the junction shown in said drawing 5 (a) and (b), 
dispersion of the air pressure wave in the connection section of tubing and tubing 



can be simulated like the junction shown in said drawing 4 . 
[0022] Next, although other examples of the exhaust air wave generation means 
1 are shown in drawing 6 , only accelerator information is inputted in this 
example, the engine-speed information (cpm) needed using accelerator 
information is acquired, and it is close to an actual engine. Since the engine- 
speed generation means 30 is only added as compared with the configuration 
shown in said drawing 2 , suppose the configuration of this exhaust air wave 
generation means 1 that especially the engine-speed generation means 30 is 
explained. In the exhaust air wave generation means 1 shown in drawing 6 , the 
mechanical control input of the accelerator handlers 3, such as the accelerator 
pedal and joy stick which are formed in the drive simulator, the flight simulator, 
the racing game, the Ayr battle game, etc., and an engine power lever, is 
changed into digital accelerator Information by the A-D conversion means which 
is not illustrated, and is supplied to the nonlinear circuit 21 . 
[0023] Although an engine output signal is generated based on the control input 
of the accelerator handler 3 as described above in this nonlinear circuit 21 , this 
engine output signal branches and is supplied to the engine-speed generation 
means 30. Generally, although an engine engine speed changes according to 
change of an engine output signal, the change is delayed for an engine output 
signal, and it is changing. The engine-speed generation means 30 simulates this 
situation, and it is constituted by the adder 31, the delay means 32, the multiplier 
multiplier 33, and the adder 34, and let the engine-speed generation means 30 
be a low pass filter. 

[0024] In this adder 31 , an engine output signal and the feedback signal 
outputted from an adder 34 are added, and the delay means 32 is supplied. The 
delay means 32 gives time lag until the rotational frequency rises by output rise 
of an engine. Moreover, the multiplier multiplier 33 carries out the multiplication of 
the multiplier R to an engine speed signal (cpm), generates the engine reduced 
speed signal by resistance of air resistance, mechanism resistance, etc. which 
join a car, and is given as a subtraction signal which decreases an engine speed 



signal (cpm) to an adder 34. Thereby, a current engine speed signal decreases 
and it is fed back to ttie adder 31 . 

[0025] Tlierefore, an engine reduced speed signal wiii be subtracted from an 
engine speed signai, the engine output signal which is the amount of acceleration 
by the accelerator will be added to the signal, and a new engine speed signal will 
be generated. For this reason, if the accelerator handler 3 is operated, taking 
resistance into consideration, steps and an engine speed signal increase and it 
comes to be in agreement with the behavior of an actual engine. And as the 
engine speed signal (cpm) outputted from the engine-speed generation means 
30 was supplied to the topology generation means 40 and described above, the 
topology which reads an exhaust air wave will be created from the exhaust air 
wave storage means 22. The same actuation as the exhaust air wave generation 
means shown in said drawing 2 is performed hereafter, and an exhaust air wave 
signal is outputted. 

[0026] IVIoreover, in order to simulate this, in the engine-speed generation means 
30, cascade connection of the 2nd nonlinear circuit 35 is carried out to the delay 
means 32, and you may make It output an engine speed signal (cpm) from this 
2nd nonlinear circuit 35, as shown in drawing 7 since the engine speed signal 
(cpm) is usually made into the nonlinear characteristic to the engine output signal. 
If this 2nd nonlinear circuit 35 is formed, the behavior of a much more actual 
engine can be simulated now, and the engine exhaust sound to which presence 
was raised more can be compounded. 

[0027] In the above explanation, although the accelerator handler 1 shall consist 
of an accelerator pedal, a joy stick, an engine power lever, etc.. It can use the 
various handlers from which continuation values, such as an after touch sensor 
output of not only this but a keyboard and a mouse, are acquired. In addition, 
although hardware may constitute each part of the synthesizer unit of engine 
exhaust sound, it is not necessary to say that it is good also as a configuration by 
a computer and digital signal processor (DSP) including a processing program, 
and still better also as a hybrid system which combined these suitably. IVIoreover, 



in a computer game, a drive simuiator, etc., it is possible to mal<e accelerator 
information and engine-speed information reflect in the motion in the display 
screen and expansion of a game, and to also make it change. 
[0028] Furthermore, according to the purposes of use, such as a game, it can 
change suitably, and the exhaust air wave of the exhaust air wave storage 
means 22, the filter shape of a filter 23, the various multipliers of the exhaust pipe 
circuit 2 and a property, the property of a nonlinear circuit 21 , or the property of 
the engine-speed generation means 30 can also make the setup adjustable. And 
more advanced simulation can be made possible if it is made to make 
information, such as a condition of the transit way in the information relevant to 
an engine load, for example, a game, a setting situation of transmission, a 
condition of a steering, and a clutch, actuation of a braise, reflect in the filter 
shape of an engine speed signal and an exhaust air wave signal, or the 
amplitude. Moreover, what is necessary is just to control each configuration of 
the synthesizer unit of engine exhaust sound by simulation of the engine for 
airplanes in a flight simulator etc. according to a flight condition and an operation 
condition. 

[0029] You may make it change the amount of delay of the exhaust pipe circuit 2 
further again according to the temperature change of an engine and an exhaust 
pipe. This temperature change is computable from an engine speed, turnover 
time, etc. Thereby, simulation can be earned out in consideration of expansion 
contraction of the exhaust air system (exhaust pipe) by heat, and change of 
acoustic velocity. You may make it change an exhaust air wave according to a 
temperature change in that case. Furthermore, it is also possible to prepare a 
noise source and to control the frequency characteristics of an exhaust air wave 
signal and the amplitude according to the control input and engine speed of an 
accelerator. In this case, since many engine noises at the time of ignition are 
generated, you may make it control the generating timing of a noise according to 
the read-out phase value of an exhaust air wave signal so that a noise occurs at 
the time of ignition timing. For example, a noise can be impressed to the standup 



section of an exhaust air wave signai, or thie ampiltude of a noise can be 
enlarged. 

[0030] In the aforementioned explanation, although an exhaust air wave shall be 
generated by reading from wave memory, this invention may adopt the method 
which may adopt the thing of what kind of wave generating method or a wave 
composite system as iong as it can generate the wave of not only this but a 
request, for example, lets FM and a PCM pulse wave pass in a filter. And when 
an exhaust-sound signal takes out a part of signal from the middle of the exhaust 
pipe circuit 2, stereo-ization which simulates two exhaust pipes is also attained. 
[0031] 

[Effect of the Invention] Since this invention is constituted as mentioned above, 
an engine output signal can be generated according to the control input of an 
accelerator handler, the exhaust air wave signal corresponding to the engine 
output signai is a period according to an engine speed, it is inputted into the 
exhaust pipe circuit which simulated the exhaust pipe, and an exhaust-sound 
signal can be generated. For this reason, the engine exhaust sound to which the 
period of an exhaust-sound signal and the wave were changed is compoundable 
in the condition near the exhaust air behavior of an actual engine with actuation 
of an accelerator handler. Therefore, compounded engine exhaust sound can be 
made now into a high engine exhaust sound of presence. 
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[Brief Description of the Drawings] 

[Drawing 1] It is drawing shiowing the outline configuration of the synthesizer unit 
of the engine exhaust sound of this invention. 

[Drawing 2] It Is drawing showing an example of the configuration of an exhaust 
airwave generation means. 

[Drawing 3] It is drawing showing the structure of an exhaust pipe model. 
[Drawing 4] It is drawing showing an example of the configuration of an exhaust 
pipe circuit. 

[Drawing 5] It is drawing showing other examples of the configuration of the 
junction in an exhaust pipe circuit. 

[Drawing 6] It Is drawing showing other examples of the configuration of an 
exhaust air wave generation means. 

[Drawing 7] It is drawing showing other examples of a configuration of an engine- 
speed generation means. 
[Description of Notations] 

1 Exhaust Air Wave Generation iMeans, 2 Exhaust Pipe Circuit, 3 Accelerator 
Handler, 21 Nonlinear Circuit, 22 Exhaust Air Wave Storage iVIeans, 23 Filter, 24 
Multipliers, 30 Engine-Speed Generation Means, 40 Topology Generation Means 
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